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(57) ABSTRACT 

An optical recording device includes an optical pickup, an 
asymmetry detection circuit, and a microcomputer. The opti 
cal pickup corrects an aberration of an object lens based on an 
aberration correction value using a liquid crystal panel in the 
optical pickup, irradiates a laser beam of multiple stages of 
recording poWers on an optical disk to form marks, and then 
reproduces the formed marks With a reproduction poWer. The 
asymmetry detection circuit detects amplitudes of RF signals 
of the marks reproduced by the optical pickup, calculates 
amplitude central values such that asymmetry takes a prede 
termined value, and determines an optimum recording poWer. 
The microcomputer performs spherical aberration correction 
to change a spherical aberration correction value from an 

7,301,869 B2 * 11/2007 Sasaki et a1. 369/47 .53 initial value such that the optimum recording poWer takes a 
2002/0105878 A1* 8/2002 Ogata etal. ............ .. 369/5319 minimum value. 

2003/0174615 A1 9/2003 Kim et al. 

2006/0062098 A1 * 3/2006 Miyake et al. ......... .. 369/4411 13 Claims, 11 Drawing Sheets 
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OPTICAL RECORDING DEVICE AND 
ABERRATION CORRECTION METHOD 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 
The present invention relates to an optical recording device 

that irradiates a laser beam on an optical recording medium to 
record information in the optical recording medium and an 
aberration correction method. 

2) Description of the Related Art 
When information is recorded in an optical recording 

medium like a laser disk (LD), a compact disk (CD), or a 
digital versatile disk (DVD), or When the information is 
reproduced from the optical recording medium, aberrations 
may occur such as spherical aberration, comatic aberration, 
or astigmatism. The spherical aberration is caused by ?uc 
tuations in thickness of a transparent substrate protecting the 
optical recording medium or by a ?uctuation in the param 
eters of optical components. The comatic aberration is caused 
by Warping of the optical recording medium, by ?uctuation of 
parameters or adjustment deviation in optical components, or 
the like. The astigmatism is caused by deviation, inclination, 
or the like in accuracy of optical components, assembly 
errors, or deviations in optical axes. When a diameter of a 
laser beam on the optical recording medium increases due to 
these aberrations, correct information cannot be recorded in 
the optical recording medium, and recorded information can 
not be reproduced correctly. Thus, various conventional tech 
niques for correcting aberrations have been devised. 

In a ?rst conventional technique, taking notice of the fact 
that, When a spherical aberration occurs, a tracking servo gain 
decreases according to a degree of the spherical aberration, a 
spherical aberration correction value is transitioned such that 
the tracking servo gain increases. In other Words, taking 
notice of the fact that a tracking error signal decreases When 
a spherical aberration is large and that a tracking signal 
increases When a spherical aberration is small, a spherical 
aberration correction value is transitioned. More speci?cally, 
from a disturbance superimposed signal, Which is obtained by 
adding a disturbance signal (a signal having a predetermined 
frequency) to a tracking error signal and is used for control of 
a tracking servo system, only a band component of the dis 
turbance signal is extracted to obtain a servo residual error 
value. Then, a ratio of the servo residual error value With 
respect to an amplitude of the disturbance signal is calculated, 
and this ratio is set as a tracking servo gain. When the optical 
recording medium rotates once, spherical aberration correc 
tion is performed by adding a predetermined value to a 
present spherical aberration correction value to calculate a 
tracking servo gain, and the calculated tracking servo gain 
and an immediately preceding tracking servo gain are com 
pared. Ihen, a spherical aberration correction value With a 
larger tracking servo gain is determined as a neW spherical 
aberration correction value (e.g., see Japanese Patent Appli 
cation Laid-Open No. 2001 -250256). 

In a second conventional technique, taking notice of the 
fact that, When changes in levels are measured of a land 
pre-pit (LPP) signal, an RF (Radio Frequency) signal, a main 
push-pull (MPP) signal in an unrecorded state at the time 
When comatic aberration correction is operated at disk tilt 1 
deg, and as a result of the measurement, When the comatic 
aberration correction is performed optimally, the levels of the 
respective signals take maximum values, and sensitivity of 
the signal levels is highest in the LPP signal and decreases in 
an order of the RF signal and the MPP signal. The RF signal 
is monitored in a recorded optical recording medium and 
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2 
ROM optical recording medium, and the LPP signal is moni 
tored in an unrecorded DVD-R (Digital Versatile Disk 
Recordable) and DVD-RW (Digital Versatile Disk ReWrit 
able) optical recording media to determine a comatic aberra 
tion correction value such that a signal amplitude of the 
monitored signal is maximiZed (e. g., see PIONEER R&D 
2003 Vol. 13 “l. DVD-R/RW(R5) pickup development”). 

HoWever, a change in the tracking servo gain is small, and 
sensitivity thereof is loW. In addition, tracking servo gains are 
different in an unrecorded optical recording medium and a 
recorded optical recording medium. Therefore, as an 
example, in the ?rst conventional technique in Which a spheri 
cal aberration correction value is determined such that a 
tracking servo gain is maximiZed, there is a problem in that a 
spherical aberration cannot be corrected With high accuracy. 

Since the tracking servo gain changes subtly depending on 
a position of a recording medium, it is di?icult to detect the 
subtle change accurately. Therefore, in the ?rst conventional 
technique in Which a spherical aberration correction value is 
determined such that a tracking servo gain is maximiZed, 
there is a problem in that spherical aberration correction 
according to a subtle change in the tracking servo gain cannot 
be performed. Although it is possible to detect a subtle change 
in the tracking servo gain if high-performance components 
are used, cost increases in this case. 

Moreover, the tracking error signal provides information 
on only a tracking direction (radial direction). Therefore, in 
the ?rst conventional technique in Which a spherical aberra 
tion correction value is determined using a tacking servo gain 
that is calculated based on the tracking error signal, there is a 
problem in that correction cannot be performed of an aberra 
tion giving in?uence in a tangential direction. 

In addition, as indicated in the second conventional tech 
nique, When a tilt correction amount by a liquid crystal ele 
ment approaches “0,” signal changes decrease in the LPP 
signal, the RF signal, and the MPP signal. In other Words, 
When the comatic aberration decreases and the tilt correction 
amount decreases, changes in signal amplitudes of the respec 
tive signals become ?at. In the second conventional tech 
nique, taking notice of the sensitivity of a signal level, the LPP 
signal, Which has a large change in a signal due to a correction 
amount for the comatic aberration is larger compared With the 
other signals, is used in the DVD-R and the DVD-RW in 
Which the LPP signal is present. Further, the RF signal having 
a largest change next to the LPP signal is used in an optical 
recording medium in Which the LPP signal is not present. 
HoWever, in the case of any of the signals, the signal change 
decreases excessively When the correction amount of the 
comatic aberration decreases. Therefore, in the LPP signal, 
the RF signal, or the MPP signal adopted in the second con 
ventional technique, there is a problem in that, When the tilt 
correction amount decreases, it is di?icult to detect a change 
in a signal correctly, and an accurate comatic aberration cor 
rection value cannot be determined. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve at least the 
problems in the conventional technology. 
An optical recording device according to another aspect of 

the present invention includes an optical pickup unit. The 
optical pickup unit includes a laser beam source that gener 
ates a laser beam, an optical system that irradiates the laser 
beam on an optical recording medium, and an aberration 
correction unit that corrects Wavefront aberrations of the opti 
cal system and the optical recording medium. The optical 
recording device also includes a detecting unit that detects an 
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optimum recording power of the laser beam with respect to 
the optical recording medium; and a controlling unit that 
controls the aberration correcting unit such that the optimum 
recording power to be detected by the detecting unit is at a 
minimum. 
An aberration correction method according to still another 

aspect of the present invention is for an optical recording 
device that corrects wavefront aberrations of an optical sys 
tem for irradiating a laser beam generated from a laser bean 
source on an optical recording medium. The aberration cor 
rection method includes detecting an optimum recording 
power of the laser beam with respect to the optical recording 
medium; and correcting the wavefront aberrations such that 
the optimum recording power to be detected at the detecting 
is at a minimum. 

The other objects, features, and advantages of the present 
invention are speci?cally set forth in or will become apparent 
from the following detailed description of the invention when 
read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an ideal graph of an ideal relation between a 
spherical aberration correction amount and an optimum 
recording power; 

FIG. 2 is a graph of an example of an actual relation 
between a spherical aberration correction amount and an 
optimum recording power; 

FIG. 3 is a block diagram of a structure of an optical 
recording device according to a ?rst embodiment of the 
present invention; 

FIG. 4 is a ?owchart for explaining a spherical aberration 
correction operation performed by the optical recording 
device shown in FIG. 3; 

FIG. 5 is a ?owchart for explaining a spherical aberration 
correction operation performed by an optical recording 
device according to a second embodiment of the present 
invention; 

FIG. 6 is a ?owchart for explaining a spherical aberration 
correction operation performed by the optical recording 
device according to the second embodiment; 

FIG. 7 is a block diagram of an optical recording device 
according to a fourth embodiment of the present invention; 

FIG. 8 is a diagram for explaining timing for detecting a 
re?ection intensity; 

FIG. 9 is a ?owchart for explaining a spherical aberration 
correction operation performed by the optical recording 
device according to the fourth embodiment; 

FIG. 10 is a continuation of the ?owchart in FIG. 9; 
FIG. 11 is a continuation of the ?owchart in FIG. 9; and 
FIG. 12 is a schematic diagram of an example of an optical 

disk having plural OPC areas. 

DETAILED DESCRIPTION 

Exemplary embodiments of an optical recording device 
and an aberration correction method according to the inven 
tion will be hereinafter explained in detail in reference to the 
accompanying drawings. 
An optical recording device and an aberration correction 

method of the present invention will be explained using FIGS. 
1 and 2. The optical recording device is con?gured to correct 
spherical aberrations, comatic aberrations, and astigmatism. 
The characteristics of the optical recording device and the 
aberration correction method will be explained with spherical 
aberration correction as an example. 
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4 
FIG. 1 is an ideal graph that shows how the ideal spherical 

aberration correction amount changes with optimum record 
ing power of an optical recording medium. Ideal indicates a 
case in which, when the spherical aberration is “0,” a laser 
beam to be irradiated on the optical recording medium is 
optimiZed. An optimum power of a laser beam is adjusted to 
be minimiZed when a thickness of a transparent substrate of 
the recording medium (cover layer thickness) takes a standard 
value and the spherical aberration is set to “0” by initial 
adjustment at the time of manufacturing. Thus, in FIG. 1, the 
optimum recording power takes a minimum value when the 
spherical aberration correction amount is “0,” and the opti 
mum recording power increases as the spherical aberration 
correction amount increases to the positive side or the nega 
tive side. In this case, it is indicated that when the spherical 
aberration correction amount is increased or decreased, the 
spherical aberration increases, and the optimum recording 
power increases. In other words, since the spherical aberra 
tion has increased, a diameter of a laser beam to be irradiated 
on the optical recording medium increases, and a power den 
sity decreases. Thus, a larger power is required when a mark 
is formed. In other words, if the optimum recording power 
while the spherical aberration correction amount is changed 
is smaller than the optimum recording power in the spherical 
aberration correction amount before change, the diameter of 
the laser beam to be irradiated on the optical recording 
medium has decreased, and optimum spherical aberration 
correction is performed. 

Comatic aberration correction and astigmatism correction 
are also corrections for focusing the laser beam to be irradi 
ated on the optical recording medium. Therefore, in the 
comatic aberration correction and the astigmatism correction, 
the diameter of the laser beam to be irradiated on the optical 
recording medium decreases, and the optimum recording 
power decreases by performing appropriate correction. 
The graph shown in FIG. 1 indicates an ideal relation 

between a spherical aberration correction amount and an 
optimum recording power with respect to the optical record 
ing medium. As shown in FIG. 2, for example, due to manu 
facturing ?uctuation in various components like a liquid crys 
tal element that corrects a manufacturing error, a substrate 
thickness error, or a spherical aberration of a transparent 
substrate of the optical recording medium, the optimum 
recording power may be minimiZed at the spherical aberra 
tion correction amount of “+2.” In other words, the graph 
itself showing a relation between the optimum recording 
power and the spherical aberration correction amount is offset 
to the positive side or the negative side or changes to an 
asymmetrical graph in which increments in the positive or 
negative directions are different. However, in both the cases 
of FIGS. 1 and 2, if the optimum recording power while the 
spherical aberration correction amount is changed is smaller 
than the optimum recording power before change, then the 
diameter of the laser beam to be irradiated on the optical 
recording medium has decreased, and optimum spherical 
aberration correction is performed. 

In the optical recording device of the present invention, 
taking notice of the face that, when an aberration correction 
value is changed, if an optimum recording power after the 
change is smaller than an optimum recording power before 
the change, it can be judged that a diameter of a laser beam is 
reduced and optimum aberration correction is performed. 
Further, the optimum recording power is used as a parameter 
for determining an aberration correction value of wavefront 
aberrations (spherical aberration, comatic aberration, and 
astigmatism) of an object lens. 
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The optimum recording power is a parameter that can 
always be detected in an optical recording device that records 
information in an optical recording medium using a laser 
beam. In other Words, the optimum recording poWer does not 
depend on the optical recording medium unlike the LPP sig 
nal that is present only in a DVD-R and a DVD-RW. There 
fore, the invention is applicable to optical recording devices 
using all optical recording media in Which information is 
recorded using a laser beam, for example, optical recording 
media like a compact disc, a DVD-RAM (Digital Versatile 
Disk Random Access Memory), a DVD-R, a DVD-RW, a 
DVD+R, a DVD-RW, a blue ray system, an optical card, and 
an optical tape. 

In addition, since an aberration correction value is changed 
such that the optimum recording poWer takes a minimum 
value to determine an aberration correction value, a laser 
beam is alWays irradiated With a minimum recording poWer. 
In general, since a life of a laser is proportional to a poWer of 
the laser, an effect of prolonging a life of a laser device can 
also be obtained. 
A ?rst embodiment of the present invention Will be 

explained using FIGS. 1 to 4. Embodiments described beloW 
Will be explained With a DVD-R, a DVD-RW, and the like, in 
Which address information indicating a position on an optical 
disk Where information should be recorded and a reference 
signal for generating a clock signal to be used for recording 
and reproduction operations are formed as land pre-pits, as 
examples of optical recording media (hereinafter, “optical 
disks”) . 

FIG. 3 is a block diagram of an optical recording device 
according to the ?rst embodiment of the present invention. 
This optical recording device includes an optical pickup 2, an 
RF ampli?er 3, an equalizer 4, an asymmetry detection circuit 
5, a microcomputer 6, an OPC (Optimum PoWer Control) 
circuit 7, a laser drive circuit 8, a tracking servo circuit 9, an 
actuator drive circuit 10, an LPP detection circuit 11, a gate 
generation circuit 12, an LPP amplitude detection circuit 13, 
a binarization circuit 14, an NRZI (Non Return to Zero Invert) 
conversion circuit 15, and a synchronization detection circuit 
16. 
The optical pickup 2 includes a semiconductor laser (not 

shoWn) serving as a laser beam source, an object lens 40 
serving as an optical system, a liquid crystal panel 41 serving 
as an aberration correcting unit, a photo detector (not shoWn) 
that detects a re?ected light amount (re?ection intensity) of 
re?ected light from an optical disk 1, and the like. The optical 
pickup 2 generates a laser beam according to a Write strategy 
signal or a reproduction poWer from the laser beam source 
and irradiates the generated laser beam on the optical disk 1 
via the liquid crystal panel 41, the object lens 40, and the like. 
The liquid crystal panel 41 is driven by a liquid crystal drive 
circuit 17 and corrects aberrations like spherical aberration, 
comatic aberration, and astigmatism by creating a required 
re?ectivity distribution in the panel according to voltage con 
trol by the liquid crystal drive circuit 17. In addition, the 
optical pickup 2 generates a main push-pull (MPP) signal, a 
tracking error signal, and an RF signal based on a detection 
output of the photo detector that detects re?ected light from 
the optical disk 1. The MPP signal is outputted to the LPP 
detection circuit 11 and the microcomputer 6, the tracking 
error signal is outputted to the tracking servo circuit 9, and the 
RF signal is outputted to the RF ampli?er 3. 

The LPP detection circuit 11 detects a land pre-pit signal 
(LPP signal) from the MPP signal inputted from the optical 
pickup 2. A group serving as an information track, in Which 
recording information should be recorded, and a land serving 
as a guide track for guiding a laser beam to the group are 
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6 
formed in the optical disk 1. An LPP is formed in the land not 
to be opposed to the land across the group. In addition, the 
optical disk 1 Wobbles the group at a frequency to be a 
reference for rotation speed of the optical disk 1. The MPP 
signal includes a frequency component of this Wobbling and 
a frequency component of the LPP. The LPP detection circuit 
11 detects a signal component of the LPP from the MPP 
signal. 
The gate generation circuit 12 applies gating to the signal 

of the LPP detected by the LPP detection circuit 11 and 
outputs only the LPP signal to the LPP amplitude detection 
circuit 13. The LPP amplitude detection circuit 13 detects an 
amplitude of the LPP signal and outputs the detected ampli 
tude of the LPP signal to the microcomputer 6. 
The RF ampli?er 3 ampli?es the RF signal inputted from 

the optical pickup 2 and outputs an ampli?ed RF signal to the 
binarization circuit 14 and the equalizer 4. 
The binarization circuit 14 binarizes the ampli?ed RF sig 

nal With an amplitude central value of an optimum recording 
poWer as a slice level and outputs a binarized value to the 
NRZI conversion circuit 15. The NRZI conversion circuit 15 
converts the binarized value into an NRZI signal and outputs 
the converted NRZI signal to the synchronization detection 
circuit 16. The synchronization detection circuit 16 detects a 
synchronization pattern (in this case, a mark of 1 4T) out of the 
NRZI signal and noti?es the microcomputer 6 that the syn 
chronization pattern has been detected. 
When information is recorded in the optical disk 1, the 

microcomputer 6 modulates the recorded information by a 
ratio of 8/16, generates an NRZI signal, and outputs the 
generated NRZI signal to the laser drive circuit 8. When the 
information recorded in the optical disk 1 is reproduced, the 
microcomputer 6 controls the laser drive circuit 8 to output a 
reproduction poWer. The microcomputer 6 detects a Wobbling 
signal from the MPP signal inputted from the optical pickup 
2, acquires pre-information in advance based on the detected 
Wobbling signal, the LPP signal detected by the LPP ampli 
tude detection circuit 13, and the synchronization pattern 
detected by the synchronization detection circuit 16. From 
this pre-information, the microcomputer 6 acquires address 
information or the like, Which indicates a position of the 
optical disk 1 Where the information should be recorded or 
reproduced. The microcomputer 6 outputs the acquired 
address information to the tracking servo circuit 9. 
When the optical disk 1 is inserted in the optical recording 

device and the optical recording device enters a recording 
start mode, the microcomputer 6 outputs an OPC instruction 
to the OPC circuit 7. Moreover, the microcomputer 6 outputs 
an instruction to move the optical pickup 2 to a poWer cali 
bration area (OPC area), Which is an area for trial Writing in 
the optical disk 1, With a carriage servo circuit (not shoWn) to 
execute OPC. In addition, the microcomputer 6 determines a 
spherical aberration correction value based on the optimum 
recording poWer inputted from the asymmetry detection cir 
cuit 5 and outputs the determined spherical aberration correc 
tion value to the liquid crystal drive circuit 17. The micro 
computer 6 controls the respective components of the optical 
recording device collectively. 
The tracking servo circuit 9 extracts a DC component and 

a high-frequency component of the tracking error signal out 
putted from the optical pickup 2. Then, the tracking servo 
circuit 9 supplies the DC component of the tracking error 
signal to the carriage servo circuit to drive a slide motor (not 
shoWn). In addition, the tracking servo circuit 9 outputs the 
high-frequency component of the tracking error signal to the 
actuator drive circuit 10. The tracking servo circuit 9 drives 
the carriage servo circuit and the actuator drive circuit 10 
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based on the address information from the microcomputer 6. 
Consequently, the optical pickup 2 can move on the optical 
disk 1 and irradiate a laser beam on the optical disk 1 from a 
leading position Where information should be recorded or 
reproduced. The actuator derive circuit 10 is driven by the 
tracking servo circuit 9 and controls a laser beam outputted 
from the optical pickup 2 to trace the track of the optical disk 
1. 
When the OPC instruction is inputted, the OPC circuit 7 

outputs NRZI signals corresponding to 3T and l4T, Where T 
is a period of one channel clock that is a unit length corre 
sponding to a bit interval de?ned by a recording format in 
recording record information, and a recording poWer of the 
NRZI signals to the laser drive circuit 8. After continuously 
outputting the NRZI signals corresponding to 3T and l4T a 
predetermined number of times, the OPC circuit 7 changes 
the recording poWer. In other Words, the OPC circuit 7 uses 
recording poWers of plural stages to output NRZI signals for 
forming marks With a minimum mark length 3T and a maxi 
mum mark length l4T, Which are recorded continuously in 
the optical recording medium a predetermined number of 
times With the recording poWers of the respective stages, to 
the laser drive circuit 8. In addition, after outputting the NRZI 
signals for forming the marks of 3T and l4T, the OPC circuit 
7 outputs a signal for reading out the marks to the laser drive 
circuit 8. The marks to be outputted by the OPC circuit 7 are 
not limited to 3T and l4T but may be any marks. Preferably, 
the marks are at least tWo marks With different lengths. 

At the time of recording information in the optical disk 1, 
the laser drive circuit 8 generates a Write strategy signal 
having a designated recording poWer from the inputted NRZI 
signals and outputs the generated Write strategy signal to the 
optical pickup 2. In addition, at the time of reproducing the 
information recorded in the optical disk 1, the laser drive 
circuit 8 outputs a reproduction poWer to the optical pickup 2. 

The equalizer 4 increases a high-frequency gain of the 
ampli?ed RF signal inputted from the RF ampli?er 3. In the 
ampli?ed RF signal inputted from the RF ampli?er 3, a high 
frequency amplitude is reduced due to a frequency character 
istic of the optical pickup 2. The equaliZer 4 increases the 
high-frequency gain of the ampli?ed RF signal to correct the 
high-frequency amplitude due to the frequency characteristic 
of the optical pickup 2 and outputs the corrected ampli?ed RF 
signal to the asymmetry detection circuit 5. 
The asymmetry detection circuit 5 measures amplitudes 

resulting from the continuous recording in 3T and l4T and 
calculates amplitude central values of the respective ampli 
tudes such that asymmetry takes a predetermined value. In 
general, a diameter of a laser beam irradiated by an optical 
pickup for recording is larger than a diameter of a laser beam 
irradiated by an optical pickup of a standard reproduction 
machine. In addition, a diameter of a laser beam varies subtly 
depending on a type of an optical disk, a reproduction MTF 
(Modulation Transfer Function) of an optical pickup for 
recording, and the like. Thus, it is desirable to determine an 
optimum recording poWer such that asymmetry is 0 to 5% at 
the time When information is reproduced by the standard 
reproduction machine. Therefore, the asymmetry is set to any 
value in a range of —5 to 15% at the time When the asymmetry 
detection circuit 5 calculates amplitude central values result 
ing from the continuous recording at 3T and l4T. To obtain 
the same characteristic as the standard reproduction machine, 
it is also possible to provide an optical pickup dedicated for 
reproduction, Which is the same as that in the standard repro 
duction machine, to record information using the optical 
pickup 2, and to reproduce 3T and l4T using the optical 
pickup dedicated for reproduction. In addition, a correction 
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8 
function, Which causes an RF signal to have a characteristic 
equivalent to the RF signal reproduced by using the optical 
pickup of the standard reproduction machine, may be given to 
the equaliZer 4. 

The asymmetry detection circuit 5 detects an optimum 
recording poWer With Which asymmetry of 3T and l4T takes 
a predetermined value and tWo amplitude central values are 
equal. Then, the asymmetry detection circuit 5 outputs the 
detected optimum recording poWer to the microcomputer 6 
and, at the same time, outputs an amplitude central value of 
the detected optimum recording poWer to the binariZation 
circuit 14 as a slice level. 
The liquid crystal drive circuit 17 generates a voltage to be 

applied to the liquid crystal panel in the optical pickup 2 based 
on the spherical aberration correction value from the micro 
computer 6 and outputs the voltage to the optical pickup 2. 

Next, a spherical aberration correcting operation of the 
optical recording device of the ?rst embodiment Will be 
explained With reference to a ?owchart of FIG. 4. 
When the optical disk 1 is inserted in the optical recording 

device, the microcomputer 6 sets a spherical aberration cor 
rection value to an initial value (step S100) and outputs this 
initial value to the liquid crystal drive circuit 17. In the graph 
shoWn in FIG. 1 or 2, When it is assumed that a result of adding 
a predetermined value (x1 (0<(Xl) to a value in a range having 
a negative inclination, that is, an initial value as a ?rst step 
Width is a spherical aberration correction value, the initial 
value of the spherical aberration correction value is assumed 
to be a value at Which an optimum recording poWer of the 
spherical aberration correction value is smaller than an opti 
mum recording poWer corresponding to the initial value. The 
liquid crystal drive circuit 17 generates a voltage to be applied 
to the liquid crystal panel in the optical pickup 2 based on the 
spherical aberration correction value (initial value) from the 
microcomputer 6 and outputs the generated voltage to the 
optical pickup 2. 
The microcomputer 6 causes the OPC circuit 7 to execute 

OPC processing (step S110). More speci?cally, the micro 
computer 6 outputs an OPC instruction to start the OPC 
processing to the OPC circuit 7 and outputs address informa 
tion to the tracking servo circuit 9. The tracking servo circuit 
9 drives the carriage servo circuit and the actuator drive circuit 
10 based on the address information from the microcomputer 
6. Consequently, the optical pickup 2 moves to an OPC area 
that is an area for trial Writing on the optical disk 1. The OPC 
circuit 7 uses recording poWers of plural stages to output 
NRZI signals, Which continuously form marks of 3T and l4T 
on the optical disk 1 for a predetermined number of times With 
the recording poWers of the respective stages, to the laser 
drive circuit 8. The laser drive circuit 8 generates a Write 
strategy signal having the recording poWer designated by the 
inputted NRZI signals and outputs the generated Write strat 
egy signal to the optical pickup 2. The optical pickup 2 out 
puts a laserbeam based on the Write strategy signal to the OPC 
area of the optical disk 1. Consequently, the marks of 3T and 
l4T are formed in the OPC area of the optical disk 1 With a 
plurality of different recording poWers. 
When the formation of the marks of 3T and l4T With the 

different recording poWers, the laser drive circuit 8 outputs a 
reproduction poWer for reading out the recorded marks of 3T 
and l4T to the optical pickup 2 according to a designation of 
the OPC circuit 7. The optical pickup 2 irradiates a laser beam 
of the reproduction poWer on the optical disk 1 and generates 
RF signals from re?ected light of the laser beam. The asym 
metry detection circuit 5 detects amplitudes of the RF signals 
of 3T and l4T that are ampli?ed by the RF ampli?er 3 and for 
Which high-frequency amplitudes are corrected by the equal 
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iZer 4. Then, the asymmetry detection circuit 5 detects a 
recording power, Which is asymmetrical and at Which tWo 
amplitude central values are equal, of predetermined values 
of 3T and l4T and outputs the detected recording poWer to the 
microcomputer 6 as an optimum recording poWer. 

The microcomputer 6 stores the optimum recording poWer 
obtained by the OPC processing in a memory X in the micro 
computer 6 (step S120). Next, the microcomputer 6 adds the 
predetermined value otl to the present spherical aberration 
correction value to change the spherical aberration correction 
value (step S130). In other Words, the spherical aberration 
correction value is the spherical aberration correction value at 
the time When the optimum recording poWer stored in the 
memory X in the microcomputer 6 is acquired plus (XI. 

The microcomputer 6 causes the OPC circuit 7 to execute 
the OPC processing and acquires an optimum recording 
poWer at the time When the spherical aberration correction 
value is the initial value plus otl (step S140). Since the OPC 
processing is the same as that at step S110, operations of the 
OPC processing Will not be explained. 

The microcomputer 6 compares the acquired optimum 
recording poWer and the optimum recording poWer stored in 
the memory X in the microcomputer 6 (step S150). If the 
acquired optimum recording poWer is smaller than the opti 
mum recording poWer stored in the memory X in the micro 
computer 6 (Yes at step S150), the microcomputer 6 repeats 
the operations of storing the acquired optimum recording 
poWer in the memory X in the microcomputer 6, causing the 
OPC circuit 7 to execute the OPC processing after the prede 
termined value otl is added to the present spherical aberration 
correction value to change the spherical aberration correction 
value, and comparing the optimum recording poWer acquired 
by the OPC processing and the optimum recording poWer 
stored in the memory X in the microcomputer 6 until the 
acquired optimum recording poWer becomes equal to or 
larger than the optimum recording poWer stored in the 
memory X in the microcomputer 6 (steps S120 to S150). In 
other Words, the microcomputer 6 increases the spherical 
aberration correction value by increments of the predeter 
mined value otl and acquires the optimum recording poWer 
With the OPC processing every time the spherical aberration 
correction value is increased to detect a minimum value of the 
optimum recording poWer. 

If the acquired optimum recording poWer becomes equal to 
or larger than the optimum recording poWer stored in the 
memory X in the microcomputer 6 (No at step S150), the 
microcomputer 6 stores the acquired optimum storing poWer 
in the memory X in the microcomputer 6 (step S160). Then, 
the microcomputer 6 subtracts a predetermined value (X2 
(0<0t2<0tl), Which is a second step Width smaller than the 
value otl, from the present spherical aberration correction 
value to change the spherical aberration correction value (step 
S170). In other Words, the microcomputer 6 changes the 
spherical aberration correction value to the spherical aberra 
tion correction value at the time When the optimum recording 
poWer stored in the memory X in the microcomputer 6 is 
obtained minus Q2. 

The microcomputer 6 causes the OPC circuit 7 to execute 
the OPC processing With the changed spherical aberration 
correction value to acquire an optimum recording poWer (step 
S180). The microcomputer 6 compares the acquired optimum 
recording poWer and the optimum recording poWer stored in 
the memory X in the microcomputer 6 (step S190). If the 
acquired optimum recording poWer is smaller than the opti 
mum recording poWer stored in the memory X in the micro 
computer 6 (No at step S190), the microcomputer 6 repeats 
the operations of storing the acquired optimum recording 
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poWer in the memory X in the microcomputer 6, causing the 
OPC circuit 7 to execute the OPC processing after changing 
the spherical aberration correction value by subtracting the 
predetermined value (X2 from the present spherical aberration 
correction value, and comparing the optimum recording 
poWer acquired by the OPC processing and the optimum 
recording poWer stored in the memory X in the microcom 
puter 6 until the acquired optimum recording poWer becomes 
equal to or larger than the optimum recording poWer stored in 
the memory X in the microcomputer 6 (steps S160 to S190). 
In other Words, the microcomputer 6 decreases the spherical 
aberration correction value by increments of the predeter 
mined value (X2 smaller than the value al to detect a mini 
mum value of the optimum recording poWer. 

If the acquired optimum recording poWer becomes equal to 
or larger than the optimum recording poWer stored in the 
memory X in the microcomputer 6 (Yes at step S190), the 
microcomputer 6 adds the predetermined value (X2 to the 
present spherical aberration correction value to change the 
spherical aberration correction value (step S200). According 
to the processing as described above, the microcomputer 6 
changes the spherical aberration correction amount along a 
broken line K in FIG. 1 or FIG. 2 to converge the spherical 
aberration correction amount to a spherical aberration correc 
tion value corresponding to the minimum optimum recording 
poWer. 
As described above, in the ?rst embodiment, after correct 

ing aberrations in the object lens 40 and the optical disk 1 
based on an aberration correction value using the liquid crys 
tal panel 41 serving as the aberration correcting unit in the 
optical pickup 2, and irradiating laser beams of recording 
poWer of plural stages on the optical disk 1 to form the marks 
of 3T and l4T, the optical pickup 2 serving as the optical 
pickup unit reproduces the formed marks With reproduction 
poWer. The asymmetry detection circuit 5 serving as the 
detecting unit detects amplitudes of RF signals of 3T and l4T 
reproduced by the optical pickup 2 and calculates amplitude 
central values such that asymmetry takes a predetermined 
value to determine an optimum recording poWer. Then, the 
microcomputer 6 serving as the controlling unit performs 
spherical aberration correction to change a spherical aberra 
tion correction value from an initial value such that optimum 
recording poWer takes a minimum value. It is possible to set 
recording poWer ?nely, and the spherical aberration correc 
tion value is determined With this recording poWer as a param 
eter. Thus, the spherical aberration correction can be per 
formed more accurately than calculating maximum values of 
a tracking servo gain, an LPP signal, an RF signal, an MPP 
signal, and the like. 

In addition, since the minimum value of the optimum 
recording poWer is used as a parameter for the spherical 
aberration correction, spherical aberrations in a radial direc 
tion and a tangential direction of a laser beam irradiated on the 
optical disk 1 can be corrected. In the above explanation, the 
initial value of the spherical aberration correction value is set 
to a value in a range having a negative inclination in the graph 
shoWn in FIG. 1 or FIG. 2. HoWever, the initial value of the 
spherical aberration correction value may be set in a range 
having a positive inclination. In this case, the microcomputer 
5 changes the spherical aberration correction value along a 
locus L indicated by an alternate long and short dash line in 
FIG. 1 or FIG. 2. First, the microcomputer 5 subtracts the 
value otl from the spherical aberration correction value and, 
then, adds the value (X2 to the spherical aberration correction 
value. 

Moreover, the microcomputer 6 preferably operates With 
?rmware. The OPC processing is executed by the optical 
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recording device and is generally incorporated in the ?rm 
Ware already. Therefore, the spherical aberration correction 
can be performed only With changes to the ?rmware. 

According to a second embodiment of the present inven 
tion, a microcomputer causes an OPC circuit to execute OPC 
processing to detect optimum recording poWer from a stored 
present spherical aberration correction value Without setting 
an initial value to perform spherical aberration correction. In 
other Words, the microcomputer 6 ?rst distinguishes Whether 
a present spherical aberration correction amount is in a range 
having a negative inclination or in a range having a positive 
inclination on the graph shoWn in FIG. 1 or FIG. 2. The 
microcomputer 6 also determines Whether the predetermined 
value otl is subtracted from or added to the spherical aberra 
tion correction amount based on a result of the distinction. 
Since a structure of an optical recording device according to 
the second embodiment is the same as the structure of the 
optical recording device according to the ?rst embodiment 
shoWn in FIG. 3, an explanation of the structure Will be 
omitted. 
A spherical aberration correction operation of the optical 

recording device according to the second embodiment Will be 
explained With reference to ?oWcharts in FIGS. 5 and 6. Since 
the OPC processing is the same as step S100 of the ?rst 
embodiment, an explanation of an operation of the OPC pro 
cessing Will be omitted. 
When the optical disk 1 is inserted in the optical recording 

device, the microcomputer 6 causes the OPC circuit 7 to 
execute the OPC processing (step S300 in FIG. 5). The micro 
computer 6 stores optimum recording poWer obtained by the 
OPC processing in the memory X in the microcomputer 6 
(step S310 in FIG. 5). The microcomputer 6 adds a predeter 
mined value (X1 (0<0tl <1) to a stored present spherical aber 
ration correction value to change the spherical aberration 
correction value (step S320 in FIG. 5). 

The microcomputer 6 causes the OPC circuit 7 to execute 
the OPC processing With the changed spherical aberration 
correction value to acquire an optimum recording poWer (step 
S330 in FIG. 5). The microcomputer 6 compares the acquired 
optimum recording poWer and the optimum recording poWer 
stored in the memory X in the microcomputer 6 (step S340 in 
FIG. 5). If the acquired optimum recording poWer is equal to 
or larger than the optimum recording poWer stored in the 
memory X in the microcomputer 6 (No at step S340 in FIG. 
5), the microcomputer 6 subtracts the predetermined value otl 
from the spherical aberration correction value to change the 
spherical aberration correction value (step S350 in FIG. 5). 
The ?rst time the subtraction is made, the microcomputer 6 
may subtract 20.1. For each subsequent subtraction, a spheri 
cal aberration correction value is changed by subtracting the 
predetermined value otl from the spherical aberration correc 
tion value obtained at the time When the optimum recording 
poWer stored in the memory X in the microcomputer 6 is 
calculated. 

The microcomputer 6 causes the OPC circuit 7 to execute 
the OPC processing With the changed spherical aberration 
correction value to acquire an optimum recording poWer (step 
S360 in FIG. 5). The microcomputer 6 compares the acquired 
optimum recording poWer and the optimum recording poWer 
stored in the memory X in the microcomputer 6 (step 370 in 
FIG. 5). If the acquired optimum recording poWer is smaller 
than the optimum recording poWer stored in the memory X in 
the microcomputer 6 (Yes at step S370 in FIG. 5), the micro 
computer 6 repeats the operations of storing the acquired 
optimum recording poWer in the memory X in the microcom 
puter 6, executing the OPC processing after subtracting the 
predetermined value al from the present spherical aberration 
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correction value to change the spherical aberration correction 
value, and comparing the optimum recording poWer acquired 
by the OPC processing until the acquired optimum recording 
poWer becomes equal to or larger than the optimum recording 
poWer stored in the memory X in the microcomputer 6 (steps 
S350 to S380 in FIG. 5). In other Words, the microcomputer 
6 decreases the spherical aberration correction value by incre 
ments of the predetermined value (x1 and acquires an opti 
mum recording poWer every time the spherical aberration 
correction value is decreased to detect a minimum value of the 
optimum recording poWer. 

If the obtained optimum recording poWer becomes equal to 
or larger than the optimum recording poWer stored in the 
memory X in the microcomputer 6 (No at step S370 in FIG. 
5), the microcomputer 6 stores the acquired optimum storing 
poWer in the memory X in the microcomputer 6 (step S390 in 
FIG. 5). Then, the microcomputer 6 adds a predetermined 
value (X2 (0<0t2<0tl) smaller than the value al to the present 
spherical aberration correction value to change the spherical 
aberration correction value (step S400 in FIG. 5). In other 
Words, the microcomputer 6 changes the optimum recording 
poWer stored in the memory X in the microcomputer 6 by 
adding (X2 to the spherical aberration correction value at the 
time When the optimum recording poWer stored in the 
memory X in the microcomputer 6 is acquired. 
The microcomputer 6 causes the OPC circuit 7 to execute 

the OPC processing With the changed spherical aberration 
correction value to acquire an optimum recording poWer (step 
S410 in FIG. 5). The microcomputer 6 compares the acquired 
optimum recording poWer and the optimum recording poWer 
stored in the memory X of the microcomputer 6 (step S420 in 
FIG. 5). If the acquired optimum recording poWer is smaller 
than the optimum recording poWer stored in the memory X in 
the microcomputer 6 (No at step S420 in FIG. 5), the micro 
computer 6 repeats the operations of storing the acquired 
optimum recording poWer in the memory X in the microcom 
puter 6 and comparing the optimum recording poWer, Which 
is acquired by causing the OPC circuit 7 to execute the OPC 
processing after adding the predetermined value (X2 to the 
present spherical aberration correction value to change the 
spherical aberration correction value, and the optimum 
recording poWer stored in the memory X in the microcom 
puter 6 until the acquired optimum recording poWer becomes 
equal to or larger than the optimum recording poWer stored in 
the memory X in the microcomputer 6 (steps S390 to S420 in 
FIG. 5). In other Words, the microcomputer 6 increases the 
spherical aberration correction value by increments of the 
predetermined value (X2 to detect a minimum value of the 
optimum recording poWer. 

If the acquired optimum recording poWer becomes equal to 
or larger than the optimum recording poWer stored in the 
memory X in the microcomputer 6 (Yes at step S420 in FIG. 
5), the microcomputer 6 subtracts the predetermined value (X2 
from the present spherical aberration correction value to 
change the spherical aberration correction value (step S430 in 
FIG. 5). According to the processing as described above, the 
microcomputer 6 changes the spherical aberration correction 
amount along the locus L indicated by an alternate long and 
short dash line in FIG. 1 or FIG. 2 to converge the spherical 
aberration correction amount to a spherical aberration correc 
tion value corresponding to the minimum optimum recording 
poWer. 
On the other hand, if the optimum recording poWer, Which 

is acquired by causing the OPC circuit 7 to execute the OPC 
processing With the spherical aberration correction value 
obtained by adding the predetermined value al to the spheri 
cal aberration correction value at the time When the micro 
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computer 6 ?rst caused the OPC circuit 7 to execute the OPC 
processing, is smaller than the optimum recording poWer 
stored in the memory X in the microcomputer 6 (Yes at step 
S340 in FIG. 5), then the microcomputer 6 stores the acquired 
optimum recording poWer in the memory X in the microcom 
puter 6 (step S440 in FIG. 6). The microcomputer 6 adds the 
predetermined amount otl to the present spherical aberration 
correction value to change the spherical aberration correction 
value (step S450 in FIG. 6). 

The microcomputer 6 causes the OPC circuit 7 to execute 
the OPC processing With the changed spherical aberration 
correction value to acquire an optimum recording poWer (step 
S460 in FIG. 6). The microcomputer 6 compares the acquired 
optimum recording poWer and the optimum recording poWer 
stored in the memory X in the microcomputer 6 (step S470 in 
FIG. 6). If the acquired optimum recording poWer is smaller 
than the optimum recording poWer stored in the memory X in 
the microcomputer 6 (Yes at step S470 in FIG. 6), the micro 
computer 6 repeats the operations of storing the acquired 
optimum recording poWer in the memory X in the microcom 
puter 6, causing the OPC circuit 7 to execute the OPC pro 
ces sing after adding the predetermined value otl to the present 
spherical aberration correction value to change the spherical 
aberration correction value, and comparing the optimum 
recording poWer acquired by the OPC processing and the 
optimum recording poWer stored in the memory X in the 
microcomputer 6 until the acquired optimum recording 
poWer becomes equal to or larger than the optimum recording 
poWer stored in the memory X in the microcomputer 6 (steps 
S440 to S470 in FIG. 6). In other Words, the microcomputer 
6 increases the spherical aberration correction value by incre 
ments of the predetermined value al and acquires an optimum 
recording poWer every time the spherical aberration correc 
tion value is increased to detect a minimum value of the 
optimum recording poWer. 

If the acquired optimum recording poWer becomes equal to 
or larger than the optimum recording poWer stored in the 
memory X in the microcomputer 6 (No at step S470 in FIG. 
6), the microcomputer 6 stores the acquired optimum record 
ing poWer in the memory X in the microcomputer 6 (step 
S480 in FIG. 6). Then, the microcomputer 6 subtracts the 
predetermined value (X2 from the present spherical aberration 
correction value to change the spherical aberration correction 
value (step S490 in FIG. 6). In other Words, the microcom 
puter 6 changes the spherical aberration correction value by 
subtracting (X2 from the spherical aberration correction value 
at the time When the optimum recording poWer stored in the 
memory X in the microcomputer 6 is acquired. 

The microcomputer 6 causes the OPC circuit 7 to execute 
the OPC processing With the changed spherical aberration 
correction value to acquire an optimum recording poWer (step 
S500 in FIG. 6). The microcomputer 6 compares the acquired 
optimum recording poWer and the optimum recording poWer 
stored in the memory X in the microcomputer 6 (step S510 in 
FIG. 6). If the acquired optimum recording poWer is smaller 
than the optimum recording poWer stored in the memory X in 
the microcomputer 6 (No at step S510 in FIG. 6), the micro 
computer 6 repeats the operation of storing the acquired opti 
mum recording poWer in the memory X in the microcomputer 
6, causing the OPC circuit 7 to execute the OPC processing 
after subtracting the predetermined value (X2 from the present 
spherical aberration correction value to change the spherical 
aberration correction value, and comparing the optimum 
recording poWer acquired by the OPC processing With the 
optimum recording poWer stored in the memory X in the 
microcomputer 6 until the acquired optimum recording 
poWer becomes equal to or larger than the optimum recording 
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poWer stored in the memory X in the microcomputer 6 (steps 
S480 to S510 in FIG. 6). In other Words, the microcomputer 
6 decreases the spherical aberration correction value by incre 
ments of the predetermined value (X2 to detect a minimum 
value of the optimum recording poWer. 

If the acquired optimum recording poWer becomes equal to 
or larger than the optimum recording poWer stored in the 
memory X in the microcomputer 6 (Yes at step S510 in FIG. 
6), the microcomputer 6 adds the predetermined value (X2 to 
the present spherical aberration correction value to change the 
spherical aberration correction value (step S520 in FIG. 6). 
According to the processing as described above, the micro 
computer 6 changes the spherical aberration correction 
amount along the broken line K in FIG. 1 or FIG. 2 to con 
verge the spherical aberration correction amount to a spheri 
cal aberration correction value corresponding to the mini 
mum optimum recording poWer. 
As described above, in the second embodiment, the micro 

computer 6 ?rst distinguishes Whether a present spherical 
aberration correction amount is in a range having a negative 
inclination or in a range having a positive inclination on the 
graph shoWn in FIG. 1 or FIG. 2 and determines Whether the 
predetermined value otl is subtracted from or added to the 
spherical aberration correction amount based on a result of 
the distinction. Consequently, in the second embodiment, it is 
unnecessary to set an initial value of a spherical aberration 
correction value. In addition, the microcomputer 6 executes 
spherical aberration correction from a stored present spheri 
cal aberration correction value such that optimum recording 
poWer is minimized. Thus, When the present spherical aber 
ration correction value is near a spherical aberration correc 
tion value at Which the optimum recording poWer is mini 
miZed, the spherical aberration correction can be performed 
in a shorter processing time, and an area used as an OPC area 
decreases compared With the ?rst embodiment. 

In addition, a spherical aberration correction value is deter 
mined as a parameter With a recording poWer that can be set 
?nely. Thus, the spherical aberration correction can be per 
formed more accurately than calculating maximum values of 
a tracking servo gain, an LPP signal, an RF signal, an MPP 
signal, and the like. 

In the second embodiment, the asymmetry detection cir 
cuit 5 detects optimum recording poWer and outputs the 
detected optimum recording poWer to the microcomputer 6. 
HoWever, it is also possible that the asymmetry detection 
circuit 5 calculates only an amplitude central value With 
asymmetry of a predetermined value and outputs the ampli 
tude central value to the microcomputer 6, and the microcom 
puter 6 detects the optimum recording poWer. 
A third embodiment according to the present invention 

relates to a modi?cation of the ?rst and the second embodi 
ments. In the ?rst embodiment and the second embodiment, 
an optimum recording poWer is determined from asymmetry 
at the time When marks of 3T and l4T are formed. HoWever, 
the optimum recording poWer is not limited to the asymmetry 
at the time When marks of 3T and l4T are formed. For 
example, the optimum recording poWer may be set as a 
recording poWer With Which an amplitude of a reproduction 
RF signal takes a maximum value, a recording poWer With 
Which a jitter value of the reproduction RF signal is mini 
miZed, or a recording poWer With Which an error rate is 
minimized. 

In addition, in the ?rst embodiment and the second 
embodiment, When the optical disk is inserted in the optical 
recording device, the microcomputer 6 performs the OPC 
processing by changing a spherical aberration correction 
value in an OPC area to determine a spherical aberration 
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correction value such that optimum recording power is mini 
miZed. However, as the optical disk 1, there are optical disks 
in which various kinds of information are recorded on the 

optical disks (hereinafter, “disk information”) such as a pre 
write section in the case of a DVD-R andATIP information in 
the case of a CD. When the optimum recording power at the 
time of recording is included in disk information of the optical 
disk 1, it is also possible that the microcomputer 6 causes the 
CPC circuit 7 to execute the OPC processing with a stored 
present spherical aberration correction value to acquire an 
optimum recording power, and to perform the spherical aber 
ration correction processing shown in the ?owchart in FIG. 4 
or FIG. 5 only when the acquired optimum recording power is 
larger than optimum recording power in the disk information. 
More speci?cally, when the optical disk 1 is inserted in the 

optical recording device, the microcomputer 6 reads out the 
disk information in the optical disk 1 and judges whether 
optimum recording power information is included in the disk 
information. When the optimum recording power informa 
tion is included, the microcomputer 6 causes the OPC circuit 
7 to execute the OPC processing with the present spherical 
aberration correction value to acquire the optimum recording 
power. The microcomputer 6 compares the acquired optimum 
recording power and the optimum recording power informa 
tion. When the acquired optimum recording power is equal to 
or smaller than the optimum recording power information as 
a result of the comparison, the microcomputer 6 judges that 
optimum spherical aberration correction has already been 
performed and starts a recording operation with the acquired 
optimum recording power. When the result of the comparison 
shows that the acquired optimum recording power is larger 
than the optimum recording power information, the micro 
computer 6 judges that spherical aberration correction is nec 
essary and performs the spherical aberration correction pro 
cessing shown in the ?owchart in FIG. 4 or FIG. 5. In this way, 
the microcomputer 6 can perform the spherical aberration 
correction without wasting the OPC area by using in advance 
the optimum recording power information recorded in the 
optical disk 1. 

At the time of a recording operation for recording infor 
mation in an optical disk, a technique called running OPC 
compares a re?ection intensity of an optimum recording 
power obtained by OPC processing and a re?ection intensity 
at the time when marks are formed at the time of the recording 
operation and records information in the optical disk while 
correcting the optimum recording power obtained by the OPC 
processing based on a result of this comparison. According to 
a fourth embodiment, a spherical aberration caused by an 
error in thickness of a transparent substrate of an optical disk 
is corrected using a change in the recording power corrected 
by this running OPC. 

The fourth embodiment will be explained using FIGS. 7 
and 8. FIG. 7 is a block diagram of an optical recording device 
according to the fourth embodiment. This optical recording 
device includes a microcomputer 611 instead of the microcom 
puter 6 of the optical recording device shown in FIG. 3. 
As explained in connection with the ?rst embodiment, the 

optical pickup 2 includes a photo-detector that detects a 
re?ection intensity of re?ected light from the optical disk 1. 
As shown in FIG. 8, since a mark is not yet formed on the 
optical disk at a point P1 when power is switched to recording 
power, a re?ection intensity at the point P1 is at a high level. 
Thereafter, when formation of a mark begins, re?ectivity 
changes and the re?ection intensity falls. Thereafter, the 
re?ection intensity keeps a stable level until time when the 
mark formation ends. The optical pickup 2 detects a re?ection 
intensity at a point P2 when a predetermined time t, during 
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which re?ected light intensity stabiliZes, has elapsed since 
power is switched to the recording power and outputs the 
detected re?ection intensity to the microcomputer 6a. 
The microcomputer 611 includes a function of the running 

OPC in addition to the functions of the microcomputer 6 
shown in FIG. 3. The microcomputer 611 stores a re?ection 
intensity at the time of optimum recording power obtained by 
OPC processing and, at the time of a recording operation, 
compares the re?ection intensity at the time of the optimum 
recording power and a re?ection intensity at the time of the 
recording operation and controls the recording power such 
that the re?ection intensity at the time of the recording opera 
tion is equal to the re?ection intensity at the time of optimum 
recording power. In other words, the microcomputer 6a 
increases the recording power when the re?ection intensity at 
the time of recording is smaller than the re?ection intensity at 
the time of the optimum recording power and decreases the 
recording power when the re?ection intensity at the time of 
recording is larger than the re?ection intensity at the time of 
the optimum recording power to perform control such that the 
re?ection intensity at the time of optimum recording power 
and the re?ection intensity at the time of recording becomes 
equal. The comparison may be performed as the occasion 
arises, at every predetermined time, for each predetermined 
track, or at the time when a mark of l4T, which is a synchro 
niZation pattern, is formed. 

Next, a spherical aberration correction operation per 
formed by the optical recording device according to the fourth 
embodiment will be explained with reference to ?owcharts in 
FIGS. 9 to 11. The microcomputer 611 causes the OPC circuit 
7 to execute OPC processing to acquire an optimum recording 
power and a re?ection intensity (step S600 in FIG. 9). 
The microcomputer 611 stores the acquired optimum 

recording power in a memory X in the microcomputer 611 
(step S610 in FIG. 9) and stores the re?ection intensity at the 
time of the optimum recording power in a memory Y in the 
microcomputer 611 (step S620 in FIG. 9). The microcomputer 
6a outputs an NRZI signal, which is preferably recorded in 
the optical disk 1, to the laser drive circuit 8 and starts a 
recording operation while executing the running OPC (step 
S630 in FIG. 9). 
The microcomputer 6a determines a power that should be 

supplied to ?ll the recording power by the running OPC. More 
speci?cally, the microcomputer 6 compares the re?ection 
intensity inputted from the optical pickup 2 and the re?ection 
intensity of the optimum recording power stored in the 
memory Y in the microcomputer 6. The microcomputer 6a 
supplies a recording power for making the inputted re?ection 
intensity and the re?ection intensity stored in the memory Y 
in the microcomputer 6a equal and outputs the next NRZI 
signal and the supplied recording power to the laser drive 
circuit 8. Consequently, the recording power is changed. 
When the inputted re?ection intensity and the re?ection 
intensity stored in the memory Y in the microcomputer 6a 
coincide with each other, the microcomputer 6a judges that a 
recording operation is performed in the same state as at the 
time when the optimum recording power is determined and 
does not change the recording power from the optimum 
recording power. In this way, the microcomputer 6a deter 
mines a power that is preferably supplied to ?ll the recording 
power from the re?ection intensity acquired by the running 
OPC processing and stores the ?lled recording power in a 
memory Z in the microcomputer 611 (step S640 in FIG. 9). 
The microcomputer 6a compares the recording power 

stored in the memory Z in the microcomputer 6a and the 
optimum recording power stored in the memory X in the 
microcomputer 6 (step S650 in FIG. 9). If the recording 












